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FOREWORD 

This report was prepared by Lockheed-California Company, Burbank, 
California under Contract NAS 1-15069. It is the fifth and final annual 

report covering flight service evaluation of composite inboard ailerons on the 

L-1011 from July 1986 when the fourth yearly inspections were completed, 
through May 1987. The program is sponsored by the National Aeronautics and 

Space Administration (NASA), Langley Research Center. Mr. Marvin B. Dow is 

the Project Engineer for NASA. 

C. F .  Griffin is the Lockheed Engineering Program Manager and is being 

assisted in the flight service evaluation by R. H. Stone. 

Use of commercial products or names of manufacturers in this report does 
not constitute official endorsement of such products or manufacturers, either 

expressed or implied, by the National Aeronautics and Space Administration. 
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SUMMARY 

Four shipsets of graphitelepoxy composite inboard ailerons were installed 

on L-1011 aircraft in March through May 1982 for a five-year maintenance 
evaluation program. These include two Delta aircraft and two TWA aircraft. A 

fifth shipset of composite ailerons was installed in 1980 on Lockheed's flight 
test L-1011. 

Results of the fifth and final annual inspection of the four shipsets of 

airline components are reported herein. The previous four inspections had 

been visual inspections of the aileron exterior surfaces. For this final 

inspection, the lower cover was removed for access. Both interior and 

exterior surfaces as well as spars, ribs and fastener holes 'were inspected. 

No damage or defects were observed on any of the composite ailerons. 
No maintenance actions had occurred on any of the parts except for repainting 

of areas with paint loss. Flight hours on the airline components at the time 

of inspection ranged from 14,597 to 17,180 hours, after approximately five 

years of service. 
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SECTION 1 

INTRODUCTION 

I n  1977 the  Lockheed-California Company i n i t i a t e d  a program t o  demon- 

strate the  weight and cost-saving po ten t i a l  of secondary a i r c r a f t  s t r u c t u r e s  

cons t ruc ted  of advanced composite ma te r i a l s .  The component s e l e c t e d  fo r  t h i s  

demonstration w a s  t he  inboard a i l e r o n  of t he  L-1011 t r anspor t  a i r c r a f t .  The 

program i s  sponsored by the  National Aeronautics and Space Adminis t ra t ion as 

p a r t  of t h e  A i r c r a f t  Energy Ef f i c i ency  (ACEE) Composite S t ruc tu res  Program. 

The program scope included the  eva lua t ion  of a l t e r n a t e  des igns  and 

materials f o r  t he  a i l e r o n ;  d e t a i l  design and a n a l y s i s ;  f a b r i c a t i o n  and t e s t  of 

subcomponents f o r  design v e r i f i c a t i o n ;  f a b r i c a t i o n  and t e s t i n g  of two ground 

test a i l e r o n s ;  f a b r i c a t i o n  of f i v e  s h i p s e t s  of a i l e r o n s  f o r  i n s t a l l a t i o n  on 

L-1011 a i r c r a f t ;  f l i g h t  t e s t i n g  of one s h i p s e t  on Lockheed's f l i g h t  test a i r -  

c r a f t ;  and t h e  5 year f l i g h t  s e r v i c e  evaluat ion discussed herein.  The o v e r a l l  

program is summarized i n  the  execut ive  summary r e p o r t  (Reference 1). 

Lockheed's team member on t h i s  program was Avco Aeros t ruc tures  Divis ion of 

Avco Corporat ion.  Avco w a s  respons ib le  f o r  f a b r i c a t i o n  of t he  composite 

a i l e r o n s .  

The composite a i l e r o n  des ign ,  shown i n  Figure 1, i s  a m u l t i r i b  

conf igu ra t ion  wi th  s i n g l e  p iece  upper and lower covers  mechanically fas tened  

t o  t h e  subs t ruc tu re .  Three b a s i c  ma te r i a l s  were u t i l i z e d  i n  the  a i l e r o n  

design: Narmco 5208/T300 graphite/epoxy u n i d i r e c t i o n a l  tape;  Narmco 

5208/T300 graphi te /epoxy b i d i r e c t i o n a l  f a b r i c ;  and Hysol ADX 819 s y n t a c t i c  

epoxy core. 

The a i l e r o n  covers ,  r i b s ,  and f ron t  spar  were f a b r i c a t e d  using s tandard  

vacuum bag au toc lave  molding procedures. 

p l a t e s  wi th  graphi te /epoxy t ape  facesheets  and a syntactic epoxy core .  

The a i l e r o n  covers  are t h i n  sandwich 

The 
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BACK-UP FITTINGS 
ALUMINUM 

Figure 1. - Advanced Composite Aileron Assembly 

r i b s  and s p a r s  are cons t an t  th ickness  channel s ec t ions ,  l a i d  up and cured on 
male t o o l s .  The in te rmedia te  r i b s  a r e  f ab r i ca t ed  of b i d i r e c t i o n a l  g r a p h i t e /  

epoxy f a b r i c .  

t ed  of graphi te /epoxy f a b r i c ,  wi th  the  caps r e in fo rced  wi th  graphi te /epoxy 

tape.  

m a t e l y  a quas i - i so t rop ic  o r i e n t a t i o n .  

The main r i b s  which r eac t  hinge and a c t u a t o r  loads  are fabr ica-  

The f r o n t  spa r  i s  f a b r i c a t e d  of graphite/epoxy t a p e  l a i d  up i n  approxi- 

The complete a i l e r o n  assembly includes an  aluminum lead ing  edge shroud, 

aluminum bath tub  f i t t i n g s  a t  the  spa r  t o  main r i b  j o i n t s ,  f iberg lass /epoxy 

f a i r i n g s ,  aluminum h inge /ac tua to r  f i t t i n g s ,  and a Kevlar 49/epoxy t r a i l i n g  

edge. The composite a i l e r o n  des ign  i s  26% l i g h t e r  than t h e  metal a i l e r o n  and 

i s  p red ic t ed  t o  be c o s t  compet i t ive  s ince t h e  composite a i l e r o n  has  50% fewer 

p a r t s  and f a s t e n e r s  than t h e  metal a i le ron .  
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The inboard aileron is located on the wing trailing edge between the 

outboard and inboard trailing edge flaps. It is supported from the wing at 
two hinge points and is actuated by three hydraulic actuators. It is a 
wedge-shaped, one-cell box, thinning slightly from root to tip. At the front 
spar the aileron is 233.7 cm (92 in.) in length and approximately 25.4 cm 

(10 in.) deep. The width of the aileron is 127 cm (50 in.). The upper 

surface, ribs, and spars are permanently fastened using titanium Triwing 

screws and stainless steel Hi-Lok collars. The removable lower surface, 

trailing edge wedge, and end fairings are attached with the same type screws 

but with nut plates attached to the structure with A286 Cherry Rivets. All 

fasteners are installed with sealant. The aileron is primed and painted with 

standard aircraft materials. 
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SECTION 2 

FLIGHT SERVICE EVALUATION PLAN 

1 

The f i n a l  phase of t h e  inboard a i l e r o n  program is a five-year f l i g h t  

s e r v i c e  evaluat ion.  

new L-1011 a i r c r a f t .  

Delta A i r  Lines,  and t h e  two o t h e r s  were d e l i v e r e d  t o  Trans World A i r l i n e s .  

The Delta a i r c r a f t  were the s tandard L-1011-1 model, while  t h e  TWA a i r c r a f t  

were longer  range L-1011-100s. 

A left-hand and right-hand a i l e r o n  were i n s t a l l e d  on fou r  

Two of these  a i r c r a f t  were subsequently de l ive red  t o  

The eva lua t ion  agreement between Lockheed and t h e  two p a r t i c i p a t i n g  

a i r l i n e s  cons i s t ed  of t h e  following elements: 

The eva lua t ion  per iod is f i v e  years. 

An e x t e r i o r  v i s u a l  i n spec t ion  w i l l  be performed by a i r l i n e  personnel 
and witnessed by Lockheed personnel a t  annual  scheduled "C"-check 
in spec t ions  c l o s e s t  t o  the anniversary of i n s t a l l a t i o n .  

An i n t e r i o r  i n spec t ion ,  requir ing removal of t h e  lower cover,  w i l l  b e  
conducted a t  t h e  end of t he  five-year eva lua t ion  by a i r l i n e  
personnel,  witnessed by Lockheed personnel.  

The a i r l i n e s  w i l l  provide a wri t ten r e p o r t  t o  Lockheed on t h e  r e s u l t s  
of each inspect ion.  This r epor t  w i l l  i nc lude  in spec t ion  r e s u l t s ,  a 
d e s c r i p t i o n  of any maintenance o r  r e p a i r  a c t i o n s ,  f l i g h t  hours,  
number of landings,  and u t i l i z a t i o n  rate f o r  t h e  year.  

I n  t h e  event v i s i b l e  damage i s  observed, t h e  a i r l i n e s  w i l l  determine 
t h e  e x t e n t  of damage by u l t r a s o n i c  i n s p e c t i o n  using s t anda rds  
provided by Lockheed. Af t e r  n o t i f i c a t i o n  of Lockheed, t h e  a i r l i n e  
w i l l  repair t h e  damage i n  accordance with t h e  L-1011 S t r u c t u r a l  
R e p a i r  Manual, which w a s  revised t o  inco rpora t e  s p e c i f i c  r e p a i r  
procedures f o r  the composite a i l e rons .  

A f i f t h  s h i p s e t  of a i l e r o n s  was i n s t a l l e d  on t h e  Lockheed f l i g h t  test 

a i r p l a n e  as p a r t  of FAA c e r t i f i c a t i o n .  These f l i g h t  tests are descr ibed i n  

the  Task IV F i n a l  Report (Reference 2).  A v i s u a l  i n spec t ion  of t h e  e x t e r i o r  

and i n t e r i o r  a i l e r o n  s u r f a c e s  was conducted by Lockheed personnel a f t e r  t h e  
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f i r s t  and second yea r s  of f l i g h t  service.  The third-year i n s p e c t i o n  w a s  

cance l l ed  s i n c e  t h e r e  had been only 10-1/2 hours f l i gh t - t ime  during the  

previous year .  The a i l e r o n s  were given an e x t e r i o r  v i s u a l  i n spec t ion  a f t e r  

four  yea r s  of f l i g h t  s e r v i c e ,  which was j u s t  p r i o r  t o  sale of t h e  a i r c r a f t  t o  

Aviation Sa le s  Co. of M i a m i ,  F lo r ida .  Aviation Sa le s ,  who i s  using t h e  

a i r c r a f t  f o r  s p a r e s ,  thus acquired t h e  composite a i l e r o n s .  
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SECTION 3 
AILERON FLIGHT SERVICE EXPERIENCE 

The f i r s t ,  second, t h i r d  and four th  annual  f l i g h t  s e r v i c e  in spec t ions  of 

t he  f i v e  a i l e r o n  s h i p s e t s  were conducted i n  March through J u l y  of 1983, Apr i l  

through J u l y  of 1984, Apri l  and May of 1985, and February through A p r i l  of 

1986. The r e s u l t s  of these  in spec t ions  a r e  given i n  the  F i r s t ,  Second, Third 

and Fourth Annual F l i g h t  Serv ice  Reports (References 3, 4, 5 and 6 ) . #  Only one 

incidence of minor damage has been observed i n  any of t hese  in spec t ions  

(Reference 6 ) .  

The f i f t h  annual i n spec t ions  reported h e r e i n  complete t h e  a i l e r o n  f l i g h t  

s e r v i c e  eva lua t ion .  Previous a i r l i n e  inspec t ions  had been e x t e r i o r  v i s u a l  

i n s p e c t i o n s  only  ( s e e  Sec t ion  2), but  for t he  f i n a l  year v i s u a l  i n spec t ions  

were performed on both i n t e r i o r  and e x t e r i o r  s u r f a c e s  as w e l l  as spars, ribs 

and f a s t e n e r  ho le s ,  a f t e r  removal of the lower cover.  

These f i f t h  annual i n spec t ion  r e s u l t s  are summarized i n  Table 1, along 

wi th  u t i l i z a t i o n  r a t e  and a i r c r a f t  f l ight-hours  and l and ings  as of t h e  

in spec t ion  d a t e  f o r  t h e  composite a i le rons .  A t o t a l  of 128,570 component 

f l i gh t -hour s  were accumulated through A p r i l  1987 on t h e  t e n  i n s t a l l e d  

a i l e r o n s .  The high t i m e  a i l e r o n s  have accumulated 17,180 f l i g h t  hours i n  f i v e  

years .  

No damage, d e f e c t s  o r  evidence of maintenance a c t i o n s  were observed on 

any of t he  e i g h t  a i l e r o n s .  Minor pa in t  loss was observed i n  most cases, and 

f a i r l y  ex tens ive  p a i n t  loss (15-20%) was noted on the  lower s u r f a c e  of one TWA 
component. There w a s  a l s o  evidence of Skydrol exposure i n  most cases, p a r t i c -  

u l a r l y  a long the  main r i b  attachment loca t ions  d i r e c t l y  a f t  of the a c t u a t o r s .  

Skydrol exposure w a s  a l s o  noted on the  forward s u r f a c e  area of t h e  main r i b s .  
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P a i n t  loss of t h i s  type i s  a f a i r l y  common occurrence on m e t a l  o r  

f i b e r g l a s s  components. 

1) p a i n t  loss i n d i c a t e s  t h a t  the ailerons are being exposed t o  hydrau l i c  

f l u i d ,  and t h e  l a c k  of damage v e r i f i e s  the r e s i s t a n c e  of graphite/epoxy t o  

a i r c r a f t  f l u i d s ;  2) t he  upper s u r f a c e  is exposed t o  u l t r a v i o l e t ,  and epoxy 

r e s i n s  are known t o  be a f f e c t e d  by u l t r a v i o l e t  with s i g n i f i c a n t  weight l o s s e s  

a f t e r  extended exposure. A i r l i n e  maintenance personnel were advised of t h e  

need f o r  r e p a i n t i n g  of exposed graphite/epoxy, p a r t i c u l a r l y  on the  upper 

su r face .  

The s ign i f i cance  f o r  t h e  graphite/epoxy a i l e r o n s  is: 

This  i n spec t ion  provided t h e  only opportuni ty  f o r  a v i s u a l  examination of 

the inne r  s k i n  s u r f a c e s ,  t h e  composite s u b s t r u c t u r e  ( f r o n t  s p a r ,  main r i b s ,  

i n t e rmed ia t e  ribs) and the  cond i t ion  of t h e  f a s t e n e r  holes .  In  a t  least one 

case, TWA Ship N7035T, a c a r e f u l  and thorough v i s u a l  i n spec t ion  w a s  made of 

a l l  f a s t e n e r  holes .  There w a s  no observed damage o r  d e f e c t  areas i n  any of 

t he  inne r  s u r f a c e s  o r  subs t ruc tu re ,  and no f a s t e n e r  ho le  e longat ion o r  f r a y i n g  

w a s  noted. 

Aviat ion Sales  Co. was contacted i n  May, 1987, regarding d i s p o s i t i o n  of 

the two composite a i l e r o n  components that  were i n s t a l l e d  on the Lockheed 

f l i g h t  test a i r p l a n e  purchased by Aviation Sa le s .  These p a r t s  have been re- 

moved and are i n  s to rage  i n  M i a m i ,  Florida.  They are reported t o  be i n  good 

cond i t ion ,  and are a v a i l a b l e  as spares. 

I n  summary, r e s u l t s  of t h e  five-year f l i g h t  s e r v i c e  eva lua t ion  i n d i c a t e  

t h a t  t h e  graphite/epoxy components perform s a t i s f a c t o r i l y  i n  the high u t i l i z a -  

t i o n  environment of commercial t r anspor t s .  The s a t i s f a c t o r y  s t r u c t u r a l  per- 

formance of  t h e  a i l e r o n s  and the  absence of major damage o r  d e f e c t s  v e r i f i e s  

t h e  s t r u c t u r a l  and d u r a b i l i t y  d a t a  obtained i n  t h e  composite a i l e r o n  test 

program. 

These in spec t ions  complete the  f l i g h t  s e r v i c e  eva lua t ion  program. The 

graphite/epoxy a i l e r o n s  w i l l  be re ta ined by Delta and TWA, and a t  t h e i r  o p t i o n  

w i l l  remain i n  s e r v i c e  as standard production components. 
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